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Abstract
The charged and neutral kaon form factors are calculated as a phenomeno-
logical application of the QCD Dyson-Schwinger equations. The results are











2 [0; 3] GeV
2
; and a neutral kaon form fac-
tor that is similar in form and magnitude to the neutron charge form factor.
These results are sensitive to the dierence between the kaon and pion Bethe-
Salpeter amplitude and the u- and s-quark propagation characteristics.
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1. Introduction. The kaon is the simplest strangeness-carrying bound state. Hence
studies of kaon observables and their comparison with analogous pion properties provide
information about SU
f
(3)-breaking in QCD. Particularly interesting are nonperturbative




but which cannot simply be
described as a linear response to this dierence. Examples are the dierence between the
kaon and pion Bethe-Salpeter amplitude and that between the u- and s-quark propagation




2 [0; 1  2] GeV
2
, both of which are
generated nonperturbatively.
The electromagnetic form factors of the charged and neutral kaon are sensitive to these
eects and are accessible to experiments at CEBAF [1]. Herein we report a calculation of a
range of pion and kaon observables via a semi-phenomenological application of the Dyson-
Schwinger equations (DSEs) [2] in QCD; our primary focus being the elastic charged and
neutral kaon form factors. In calculating these form factors we employ a generalised-impulse
approximation, in which the quark propagators (2-point Schwinger functions), meson Bethe-
Salpeter amplitudes (meson-quark vertices) and quark-photon vertices are dressed quantities
whose form follows from nonperturbative, semi-phenomenological DSE studies in QCD [2].
In this way our calculation provides for an extrapolation of the known large spacelike-k
2
behaviour of these Schwinger functions to the small spacelike-k
2
region, where they are
unknown and connement eects are manifest. This facilitates an exploration of the rela-
tionship between physical observables and the nonperturbative, infrared behaviour of these
Schwinger functions.
This calculation is a recapitulation, reanalysis and extension of the study of the pion
presented in Ref. [3]. In this approach the quark propagator has no Lehmann representation
and hence may be interpreted as describing a conned particle since this feature is su-
cient to ensure the absence of quark production thresholds in S-matrix elements describing
colour-singlet to singlet transitions. The quark-photon vertices, which describe the coupling
of a photon to the dressed u- and s-quarks, follow from extensive QED studies [4] and satisfy
the Ward-Takahashi identity. This necessarily entails that the -K-K and -- amplitudes
are current conserving. In the chiral limit the quark-pseudoscalar vertex is completely deter-
mined by the scalar part of the quark self-energy [5], which is a manifestation of Goldstone's
theorem in the DSE approach. The extension to nite quark masses requires a minimal
modication and preserves Dashen's relation [6].
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Here q is the initial momentum of the kaon, p q  Q is the photon momentum and only the
Dirac trace remains to be evaluated. In Eqs. (2) and (3): S
f
is the propagator for a quark
of avour f = u; s;  
K
(p;P ) is the kaon Bethe-Salpeter amplitude, with quark-antiquark
relative momentum p and centre-of-mass momentum P ; and  
f

is the avour dependent
photon-quark vertex. The parameter  [ = 1   ] allows for uneven partitioning of the
total momentum between the u- and s-quark legs connected to the Bethe-Salpeter amplitude





= 0) = 0. The rst of the two contributions in Eq. (1)
corresponds to the u-quark interacting with the photon and the s-quark acting as a spectator;
in the second the roles are reversed.
If the quark masses are set equal in Eq. (1) the generalised impulse approximation to








and  = 1=2, which is
required by charge conjugation symmetry.


























(p; q), dened in Eq. (2).



























) is the electromagnetic form factor.
2.1 Dressed quark propagator. S
f










) in Eqs. (2) and (3) can be ob-
tained by solving the quark Dyson-Schwinger equation [2]. Realistic, semi-phenomenological
































































































































are determined either by: 1)
tting a quark-DSE solution obtained with a realistic gluon propagator; or 2) performing a

2
-t to a range of hadronic observables. ( = 10
 4
is included to decouple the small and
large spacelike-p
2
behaviour of the 1=p
4






.) We write the













The quark propagator described by Eqs. (5)-(6) is an entire function in the nite complex-
p
2
plane and hence does not have a Lehmann representation. It therefore admits the in-
terpretation that it describes a conned particle [2]. The  e
 x
form that ensures this is
suggested by the algebraic solution of the model DSE studied in Ref. [9], which employed a
conning model gluon propagator and dressed quark-gluon vertex.
3
The behaviour of this model form on the spacelike-p
2
axis is such that, neglecting ln[p
2
]
corrections associated with the anomalous dimension of the quark propagator in QCD, it
manifests asymptotic freedom. It has a term associated with dynamical chiral symmetry
breaking ( 1=x
2
) and a term associated with explicit chiral symmetry breaking ( m=x).
Both of these terms are present in solutions of the quark DSE using a realistic model gluon
propagator [10].
2.2 Pseudoscalar Meson Bethe-Salpeter Amplitude.  
K
in Eq. (1) is the solution of an
homogeneous Bethe{Salpeter equation (BSE). Many studies of this BSE suggest strongly
that the amplitude is / 
5
. Furthermore, in the chiral limit the pseudoscalar BSE and quark

















) is given in Eq. (7) with m
f
= 0.
This is the realisation of Goldstone's theorem in the DSE framework; i.e., in the chiral limit
Eqs. (5) and (6) completely determine  
pseudoscalar
.









































For the pion this is a good approximation, both pointwise and in terms of the values obtained
for physical observables [11]. For the kaon it is an exploratory Ansatz, one which need only
be accurate as an approximation to the integrated strength.







) in Eq. (1) satises a DSE that describes both strong
and electromagnetic dressing of the quark-photon vertex. Solving this equation is a dicult
problem that has only recently begun to be addressed [12]. However, much progress has been















inadequate when the fermion 2-point Schwinger function has momentum dependent dressing

























































































]. This Ansatz is completely determined by the





; transforms correctly under C, P , T and Lorentz transformations; and reduces
to the bare vertex in the manner prescribed by perturbation theory. Furthermore, it is
relatively simple and hence an ideal form to be employed in our phenomenological studies.
Using charge conjugation it is straightforward to show that for elastic scattering















= 0) = 1 follows because the quark-photon vertex satises the Ward identity.
3. Calculated Spacelike Kaon Form Factors. In the Breit frame:



















=4); the calculation of each
meson form factor involves the numerical evaluation of a three-dimensional integral via
straightforward numerical quadrature.
4
To x the parameters in the quark propagators we have revised the study of Ref. [3] and








































































































































. This mass formula yields an accurate estimate of the
mass obtained by solving the generalised-ladder approximation to the pion Bethe-Salpeter
equation [11].




























with the mass scale D = 0:160 GeV
2
chosen so as to give f

= 92:4 MeV. Table I provides
a comparison between calculation and experiment.















herein, which is consistent with the theoretical estimates summarised in
Ref. [15]. The results we report herein are qualitatively and quantitatively insensitive to
halving or doubling this ratio.
Realistic DSE studies show that there are dierences between the u and s quark propa-
gators that cannot be accounted for simply by changing the mass in Eqs. (5) and (6). An
example is the vacuum quark condensate, which, using the model quark propagator dened





































. We have explored
the response of our calculated kaon observables to variations in hssi. We believe that the
sensitivity is too weak to provide a robust, independent estimate of hssi. However, our







































= 0 ; (17)
5
and allowed variations only in the parameter b
s
2
















Having xed the u-quark parameters in the pion sector we then have a two-parameter
extension of the model to the s-quark sector. These parameters are xed by requiring that















= 4:37  0:05.





















































































= k + P , k
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which also ensures the correct (unit) normalisation of the charged kaon form factor. These
expressions are straightforward generalisations of Eqs. (11) and (12). Similar expressions
are obtained in Ref. [23].



















= 0) = 0 entails  = 0:49 ( 1=2). A comparison
between calculation and experiment is presented in Table I. The calculated form factors are
presented in Figs. 1 and 2.
The dierence between the calculated and measured values of the charge radii and scatter-
ing lengths in Table I is a measure of the importance of nal-state, pseudoscalar rescattering
interactions and photon{vector-meson mixing, which are not included in generalised-impulse
approximation [7]. Our calculation suggests that such eects contribute less than  15%












agree with the experimental values of these ratios suggests that such eects are
no more important for the kaon than for the pion.












). This is qualitatively consistent with Ref. [24], however,
our calculated results, for both form factors, are uniformly smaller in magnitude; as is




), which is most pronounced for the
K

-meson, is a signal of quark-antiquark recombination into the nal state meson in the














) but the dierence is small and sensitive










is inuenced by details of the Ansatz for the kaon Bethe-Salpeter amplitude, Eq. (9),











These observations emphasise that measurement of the electromagnetic form factors is
a probe of the bound state structure of the meson; i.e., its Bethe-Salpeter amplitude.









) is similar in form and magnitude to the charge





) 6 0 is a manifestation of the u-s mass






Our calculated results are not sensitive to changes in the m
s





[15; 30] nor to changes in hssi in the range hssi=huui 2 [0:5; 1:0]. Nevertheless, the re-
quirement that the calculation reproduce known values of kaon observables does lead to
dierences between the u- and s-quark propagators. This emphasises that measurement of
the form factors is also a probe of nonperturbatively generated dierences between the u-
and s-quark propagation characteristics.
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0.0924 GeV 0.0924  0.001
f
K




























0.205 0.175   0.205
r

 0.56 fm 0.663  0.006
r
K
















































 0.87 0.88  0.06
TABLE I. A comparison between the low-energy  and K observables calculated using the
parameters of Eqs. (13) and (20), with the constraints of Eqs. (14), (16) and (17), and their









) in Ref. [14].















of current theoretical estimates in other approaches. Actual experimental values are extracted
mainly from Ref. [15]; r

is taken from Ref. [16]; r
K




from Ref. [18], and the
- scattering lengths, a
I
J














) compared with the available data, which is taken from
Refs. [17] and [22]. (Q
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) - long dashed line. (Q
2
is measured in GeV
2














is small but is amplied in this gure because of the multiplication by
Q
2
.
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